Background: Few studies focused on the study of blood groups in Gabon. This study aimed to determine the phenotypic frequency of ABO and Rhesus antigens in blood donors of Libreville and to assess the association between ABO blood groups and transfusion-transmitted infections. 
INTRODUCTION
Blood transfusion remains a therapy carrying specific risks not only because of the possible blood incompatibility between the donor and the recipient; but also because of the potential transmission of blood borne pathogens. One of the ways to limit the post-transfusion adverse events is to phenotype blood donors for the main red cell blood group systems and to simultaneously detect the transfusion-transmitted infections (TTIs).
According to the WHO, in 39 countries blood donations are still not routinely tested for TTIs including HIV, HBV, HCV and syphilis; 47% of blood bags in low-income countries are examined in laboratories without quality assurance [1] . It is estimated that 1.6 million blood units/year are deferred and destroyed due to the presence of TTI's markers [1] .
The understanding of blood group systems has evolved to include not only blood transfusion compatibility but also the relationship between some infectious diseases and the antigens in erythrocytes [2] . Several studies have shown an association between specific blood group antigens and the risk of pancreatic cancer [3] [4] [5] . Associations between the ABO system and various diseases including malaria infection, cerebral thrombosis and ovarian cancer have also been found [6] [7] [8] .
In Gabon, few studies have been devoted to blood groups. This relative lack of information has led to undertaking this study. This investigation aimed to determine the phenotypic frequencies of the ABO and Rhesus D, C, c, E, e antigens in the Gabonese population and to study the association between transfusion-transmitted infections and the ABO blood groups.
MATERIALS AND METHODS

Blood donors
A retrospective analysis of blood donors' data from January to May 2015 in the national blood transfusion center (CNTS) in Libreville, Gabon was conducted. Volunteer and family/replacement donors were all apparently healthy subjects, selected after responding to a questionnaire including a medical history. They were aged 17-65 years weighing over 50 kg and eligible for blood donation. Socio-demographic characteristics were recorded, and venous blood was collected in blood collection bags following standard procedures. 
Serological analysis
Antibodies to HCV and HIV types 1 and 2 were detected using Monolisa HCV Ag- 
Statistical analysis
Data analysis was done by using the Statistical Package for the Social Sciences (SPSS version 20.0) and EPI-Info version 6.04dfr (CDC, Atlanta, USA). The results were considered significant for P < 0.05.
RESULTS
ABO and Rh phenotypic frequencies
From a total of 4,744 blood donors, 59.7% were in the age group of 21-30 years with a mean age of 29.9 ± 7.0 (range 17-61 years). Of these, 83.1% donors were male and 16.9% donors were female.
Among blood donors the overall prevalence of blood groups O, A, B and AB were 58.9%; 21.0%; 17.6% and 2.6%, respectively ( Table 1 ). The majority of blood donors from O blood group were male (48.8%). AB blood group was the least represented among blood donors (2.2% of male and 0.4% of female) ( Table 1 ).
In the Rhesus blood group, 5 antigens were tested: D (RH1), C (RH2), E (RH3), c (RH4) and e (RH5). The absence of the D antigen was denoted d (Rhesus negative). The frequencies of Rhesus antigens D, d, C, E, c and e were respectively 97.7%; 2.3%;
15.9%; 17.6%; 99.9% and 99.3% (Table 2 ). The majority of Rhesus negative individuals was male (2.0%) and from O blood group (1.4%). Only 0.3% of female was Rhesus negative and 0.1% of blood donors were both AB blood group and Rhesus negative ( Table 2) . The major Rh phenotypes observed among blood donors were respectively Dccee (66.5%), DccEe (15.3%) and DCcee (13.5%). The minor phenotypes obtained were DCcEe (1.5%), ddccee (1.5%), dCcee (0.8%), DccEE (0.7%), DCCee (0.1%) and DCCEe (0.02%).
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Association between blood groups and transfusion-transmitted infections
Among blood donors 233/4,744 (4.9%) were infected with at least one pathogen. The overall seroprevalence of antibodies to HIV, HCV and syphilis was 1.1%; 0.5% and 1.6%;
HBsAg prevalence was 1.7%. The seroprevalence of HIV, HBV, HCV and syphilis markers was compared between blood donors of blood group O and non-O as shown in Table   3 .
HIV, HCV and syphilis markers seroprevalence was similar in blood donors of group O compared to non-O blood groups ( 
DISCUSSION
This study aimed to determine the prevalence of ABO and Rhesus blood groups among blood donors and their association with TTIs. This study shows the distribution of ABO and Rhesus phenotypes in a relatively large population of Gabonese blood donors. 17.6%, 2.6%, 58.9 and 97.7% (Tables 1 and 2 ). Group O and Rh positive blood groups were predominant in contrast with AB and Rh negative groups. The AB blood group was relatively rare, (0.4% in women and 2.2% in men). There were very few Rh negative women (0.3%) limiting the risk of maternal-fetal incompatibility and its prevention during pregnancy. The major Rhesus phenotypes observed were Dccee (66.5%), DccEe (15.3%), DCcee (13.5%). Indeed, Dccee Rhesus phenotype has been previously described as more prevalent in black populations 9 . The frequency of Dccee phenotype found in our study is comparable to that reported in Mali 10 . However, it is lower than the 73.6% reported in southern Nigeria [11] .
The prevalence of the ABO blood groups were compared with those obtained in a previous study in Gabon, which reported the following phenotypic frequencies: 20%
for A, 17.3% for B, 4.1% for AB and 58.6% for group O [12] . These results are similar to ours presented here.
However, AB blood group prevalence was higher in the study by Languillat et al [12] , although the difference observed was not statistically significant (X2 = 2.4, p = 0.122).
Frequencies of the ABO and Rh blood groups obtained from blood donors were compared to neighboring donor populations of Central Africa (Congo and Cameroon), West Africa (Burkina Faso), North Africa (Morocco) and the world ( Table 4 ). The prevalence of ABO phenotypes in Gabon was significantly different from those observed in other African countries such as Congo, Cameroon, Burkina Faso, and Morocco [13] [14] [15] [16] . In fact, the frequency of the O blood group was higher than that observed in these African countries while the prevalence of blood groups A and B was lower. Unsurprisingly, the ABO phenotypic prevalences in this study were very different from those observed in This study also evaluated the association between ABO blood groups and bloodborne infections such as HIV, HBV, HCV and syphilis. The prevalence of seroreactive HIV, HBV, HCV and syphilis markers was 1.1%, 1.7%, 0.5% and 1.6%, respectively.
These seroprevalences were lower than seroreactivities reported in a previous study [24] . No confirmation was performed so that the prevalence of antibodies to HIV, HCV and syphilis was likely considerably overestimated. The difference between the two sample sizes, the selection of Gabonese donors only in the present study and the evolution of these infections' epidemiology could partly explain these differences.
No significant association between HIV, HCV, syphilis and ABO blood groups was found among blood donors. However, the risk of HBV infection appeared twice higher among non-O donors compared to O blood group donors. This result would need to be supported by detection of HBV DNA with a sensitive assay. It is however in agreement with previous studies [25, 26] . A recent study showed a higher risk of hepatocellular carcinoma associated with hepatitis B in non-O blood group compared to O blood group patients [27] .
CONCLUSION
This study reports the prevalence of the ABO and RhD blood groups in a representative sample of the Gabonese blood donor population. It also suggests the association between the ABO blood group and chronic HBV infection.
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